' Umted States Patent [19]

' ”’,Bmsvert et al.

' '-'[541 ?_

751

73]
[21]
' 22)

151

2]

[58]

[56]

3,997,891 12/1976 Iwamura et al. .................. 340/709

fTRANSPARENT ADDRESSING FOR CRT
CONTROLLER

Inventors Conrad Bmsvert Wllham J. Greger, |
both of San Jose, Calif.

Assignee:-- | Honeywell Inc aneapohs an
“Appl. No.: 173,209 |
Filed:  Jul. 28, 1980

Int, C1.3 ......... creennas resesnseerecsranes erresens G09 G 1/16
US Cl retsetseensersnstiaenetenes ... 340/750; 340/709;
- 340/814; 340/798 340/707
Field of_Search rersesverarens 340/709, 814, 707, 744,
A 340/748, 750, 798 799 802, 803

~ References Cited -
U S. PATENT DOCUMENTS

4,203,107 5/1980 Lovercheck oo, 340/709
4,274,081 6/1981 Nomuraetal. .oeurreerivenannn, 340/709

1 4,379,293
[45] Apr. 5, 1983

-Pﬁmam Examiner—Marshall M. Curtis

Attorney, Agent, or Firm—Trevor B. Joike

57 = ABSTRACT

A controller for a CRT is disclosed having processor
terminals for connecting the controller to a processor,
CRT terminals for connecting the controller to a CRT,
a refresh address generator for generating refresh ad-
dresses so that a display on the CRT can be refreshed,
an update address generator for generating update ad-

- dresses so that information in a refresh memory can be
- updated, refresh memory terminals for connecting the

update address generator and the refresh address gener-

~ ator to a refresh memory, and a control circuit for ex-

clusively connecting the update address generator and
the refresh address generator to the refresh memory

- terminals so that only one of the generators has control
of the refresh memory at a time.

| 3‘? Claims, 62 Drawing Figures
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TRANSPARENT ADDRESSING FOR CRT
| | CONTROLLER IR

_ BACKGROUND OF THE INVENTION
The present invention relates to a controller for Cath-

ode Ray Tubes and, more particularly, to a controller

which allows transparent addressmg of the refresh
RAM.

In operatlng a CRT (Cathode Ray Tube), the eodes.

of the characters to be projected by the: electron beam

4 379 293

2

| oroprocessor to- the. RAM dtrectly wrthout requmng

10

~onto the CRT screen are typically stored in.a RAM

- memory. Since the characters projected on the screen

" by the electron beam decay with time, the CRT con-
troller must periodically take each of the characters out

tron beam for reprojecting the characters onto the
screen. ‘This operation is known as refresh, i.e. refresh-

15 ing the display on the CRT, and a control circuit for

- of the RAM memory and use them to control the elec-

‘ing the screen display. Each character or portion

thereof is thus put on the screen as the electron-beam

- travels across each mdlwdual line of the screen.

20

 Additionally, because the information stored m the

RAM to be projected on the screen must be perlodlca]ly
changed as conditions change, the information stored in
the RAM must be updated. Updating is accomplished

inserting .the new data into those memory- locations.
- The memory must be updated as often as new data IS
generated.

Thus, not only must the RAM be addressed for re-
freshing the screen display but it must also be addressed
for updatmg the stored information.

A primary function of the CRT controller is to con-
stantly retrieve characters from the RAM and to con-
trol the video generation circuit of the CRT to dlsplay
these characters so that the screen display stays active.

Therefore, the CRT controller must have access to the
RAM. A dlfﬁeulty arises, however, since the micro-

processor or other computer to which the controller is
connected must also have access to the RAM for up-
date. The prior art solved the problems of this dual
addressing requirement by the use of a memory conten-
tion circuit. The typical memory contention. circuit of
prior CRT controller arrangements eompnsed an ad-
dress multiplexer which could receive an address from

25
by addressing the memory locations of the RAM and

30

35
18 and 19 which together form the Update Address

45

either the CRT controller or the microprocessing unit.

The address multiplexer, of course, required control

circuitry so that it could be switched between th,e‘_rnl-
croprocessor and the CRT controller. Moreover, this
type of system also required transceivers between the

control arrangement and the data bus so that the char-

50

acters to be read into or out of the RAM could be held

and then read or written. The use of a memory conten- .

tion circuit requires the microprocessor to provide the .

update address during the update operation placing a

further burden on the mMICroprocessor operation,

3

The present invention eliminates the memory conten-

tion circuit, i.e. the external multiplexer requtred to
multlplex between the update address supplied by the
microprocessor and the refresh address supplied by the

CRT controller together with the associated control

circuitry for the multiplexer and the transceivers for

receiving data between the microprocessor and - the.
RAM, and also relieves the microprocessor of the bur-.

den of providing the update addresses for the RAM.

65

Instead, an update address register is provrded in the
CRT controller to thus provide the update addresses to

the RAM SO that data can be transferred from the mi-

the microprocessor to additionally address the RAM
memory locations. In this type of operation, the RAM
appears as a port to the microprocessor instead of a
block of memory which must be addressed. As a result,
the present invention provides truly transparent ad-

~ dressing of the refresh RAM.

SUMMARY OF THE INVENTION

A controller for CRTs is provided having an update
address generator for generating update addresses when
new information is to be inserted into memory associ-
ated with the CRT, a refresh address generator for
addressmg the memory to fetch characters for refresh-

exclusively connecting the generators to the memory so
that only one of the generators-is connected to the mem-
ory at a time. | -

BRIEF DESCRIPTION OF THE DRAWINGS |

These and other features and advantages will become
more apparent from a detailed consideration of the
invention when taken in con_]unctton with the drawrngs
in which: |

FIG. 1is a generalized block dragrarn showing how
the instant invention mterfaoes with both a micro-
processor and a CRT;

FIGS. 2-45 show the details of the CRT Controller
10 shown in FIG. 1 wherein

FIGS. 2-7 show the Refresh Address Generator of |
Controller 10,

FIG. 8 shows how the circuits of FIGS. 2-7 may be
assembled to show the Refresh Address Generator,

FIGS. 9 and 10 show the Update Location Registers

Generator of Controller 10,

FIG. 11 shows the controller circuit for the Update
Location Registers 18 and 19,

FIG. 12 shows the ROM Control Line Generator,

FIG. 13 shows the Scan Line Reglster 9 of Controller
10,

FIG 14 shows the Mode Control Reglster 8 of Con-
troller 10,

FIG. 15 shows the DISPEN Signal Generator of
Controller 10, -

FIG. 16 shows the CURSOR Slgnal Generator of

Controller 10,

FIG. 17 shows the RAM Address Buffer of Control-

ler 10,

' FIGS. 18 and 19 show the Address Register which is
used to load in information on the data bus into the
various registers of Controller 10, |

FIG. 20 shows the Data Bus Interface between the
microprocessor data bus and the internal data bus of
Controller 10, |

FIG. 21 shows the Column Counter of Controller 10,

FIG. 22 shows the Horizontal Display Register 1 of
Controller 10,

FIG. 23 shows the Honzontal Sync Position Register

2 of Controller 10, -

FIG. 24 shows the Honzontal Total Reglster 0 of

 Controller 10,

FIG. 25 shows the Row Counter of Controller 10,

FIG. 26 shows the Vertrcal Dtsplay Regrster 6 of -
Controller 10,

FIG. 27 shows the Vertical Sync Posrtton Reglster 7
of Controller 10, |
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FIG. 28 shows the Vertical Total Register 4 of Con-

3

troller 10,

FIG. 29 shows the Vertical Sync Width Counter of
Controller 10,

FIGS. 30 and 31 show the Vertical Sync, Horlzontal-

Sync Width Register 3 of Controller 10,

FIG. 32 shows the Scan Line Counter of Controllel_' '

10,

troller 10,

FIG. 34 shows the Cursor End Register 11 of Con-
troller 10,

FIG. 35 shows the Vertlcal Total Adjust Register 5
of Controller 10,

- FIGS. 36 and 37 show the Cursor Position Registers
I4 and 15 of Controller 10,

FIGS. 38 and 39 show the nght Pen Registers 16 and
17 of Controller 10,

FIG. 40 (sheet 7) shows the Status Register of Con-
troller 10, |

FIG. 41 (sheet 11) shows the Load 16 and 17 Signal
Generator of Controller 10,

FI1G. 42 shows the Character Clock Slgnal Generator
of Controller 10, .
- FIG. 43 shows the Reglster Select and Chlp Select
Signal Generator of Controller 10,

FI1G. 44 shows the OEN and the OEN Slgnal Gener-
ator of Controller 10, and |

FIG. 45 shows the Read/Write Signal Generator of
Controller 10; and,

FIGS. 46-62 show the details of the various blocks of
FIGS. 2-45 wherein

FIG. 46 shows the DET. A block of FIG. 34,

FI1G. 47 shows 1n more detail the Exclusive NOR
gate which is used in Controlier 16,

FI1G. 48 shows the Row/Column Counter,

FIG. 49 shows the Status Register 2,

FI1G. 50 shows the Wnte-Only-Reg:ster,

FIG. 51 shows the DC circuit,

FIG. 52 show the Read/Write Register,

FIG. 53 shows the Read-Only-Register,

FIG. 54 shows the Status Register 1,

FIG. 535 shows the Set/Reset Flip-Flop,

FIG. 56 shows the Sample/Hold circuit,

FI1G. 37 shows the Jam Set Counter,

FIG. S8 shows the Input/Cutput circuit,

FI1G. 59 shows the UARC Counter,

FIG. 60 shows the counter CNTR,
F1G. 61 shows a buffer, and
FIG. 62 shows the D circuit.

DETAILED DESCRIPTION

In FIG. 1, CRT controller 10 is shown connected to
various external circuits for allowing microprocessor
control of a CRT. Specifically, controller 10 is con-
nected to the microprocessor by way of the data bus,
the microprocessor clock ¢EN, the read/write control
line R/W, and address lines A1 and A12-A15. NAND
gate 11 combines address lines A12-A15 into a chip
select signal CS. In addition, CS and address line A1 are
combined by AND gate 12 to form a LATCH SE-

FIG. 33 shows the Cursor Start Register 10 of Con-
- 10
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LECT output which, together with $EN and R/W, are

used as inputs by the logic circuit 13 for controlling data
latches 14 and 15 connected between RAM 16 and the

microprocessor data bus. Latch 14 is used for writing 65

information into RAM 16 and latch 15 is used for read-
ing RAM 16. Controller 10 also has an input RS, regis-
ter select, connected to input address line A1.

4 . _
Ram 16 is comprised of eight 1K X4 random access
memories as shown. Each memory is connected to the
memory address output lines MAO-MAS9 of controlier
10 so that the various memory locations in RAM 16 can
be addressed. Memory addres lines MA10 and MA11

are decoded at 17 and are also used for controlling

RAM 16. Controller 10 has an output RA4 connected
to logic 13 for controlling reach latch .15.

The remaining connections to controller 10 are be-
tween controller 10 and the CRT which is being con-
trolled by the circuit shown in FIG. 1. Specifically,
outputs RA0O-RA2 are used for controlling read only
memory 21 which receives its codes (addresses) from
the data stored in random access memory 16. Specifi-
cally, read only memory 21 stores the dot matrix repre-
senting the characters to be displayed by the CRT.
RAM 16 stores the addresses of ROM 21 for the charac-

tefs to be displayed by the CRT. Thus, the outputs from

the ROM are connected to the inputs of parallel-to-
serial shift register 22. Parallel-to-serial shift register 22
receives a clock signal from dot clock 23 of the CRT
and receives further clock signals from four bit counter
24. The output from parallel-to-serial shift register 22 is
connected to the VIDEOQO input of the CRT under con-
trol of the circuit of FIG. 1. Four bit counter 24 also
provides the character clock outputs CCLK and
CCLK. Further as shown, the reset input RES is con-

nected to a positive source, the light pen terminal

LPEN is grounded, the vertical and horizontal sync
outputs VSYNC and HSYNC are connected to appro-
priate inputs to the CRT, and the display enable output
DISPEN and the CURSOR output from controller 18
are appropriately connected to the CRT circuit.

In operation, when the display on the CRT is to be
refreshed, RAM 16 is addressed using lines MAO-MA9
for supplying the addresses of ROM 21 representing the
characters to be displayed to parallel-to-serial shift reg-
ister 22 and then to the CRT. When new information is
to be written into RAM 16, address lines MAG-MA11
are under control of controller 10 which are driven by
clock line $EN. Since clock line $EN is derived from
the microprocessor, the microprocessor is updated as to

~ the present output on address lines MAO-MAS9. At the
appropriate time, the microprocessor will supply data
over the data bus to write RAM 14 and then, by control
of address lines A1 and A12-A15, and read/write line

R/W, will transfer the data from latch 14 into the mem-

“ory location of RAM 16 selected by the address on lines
"MAO-MAS.

- FIGS. 2-45 show the details of controller 10. As
previously mentioned, controller 10 supplies both the
addresses for refreshing the display on the CRT and the
addresses for updating RAM 16. For the refresh opera-
tion, FIGS. 2-7 show the refresh address generator and
FIG. 8 shows how FIGS. 2-7 are to be arranged for
following the connections between these figures. The
refresh address generator comprises registers 12 and 13
with register 12 being connected to data lines D0-D5
and reglster 13 being connected to data lines D8-D7
running throughout FIGS. 2-45. The information
loaded into registers 12 and 13 determine the initial
address in RAM 16 which acts as a pointer to indicate in
the RAM the start point of the message to by displayed.
The information on data lines D0-D7 is loaded into
registers 12 and 13 by load lines LD12 and LD13, re-
spectively, as shown. Sample and hold array 31 (FIG. 3)
recirculates data from the output of the j Jam set counters
JSC back to thelr mput ‘This operation is under control




of the character clock and
‘and 9 as shown by NOR gate 32 shown in FIG. 4. The
information from registers 12, 13 and sample and hold
array 31 are multiplexed into the jam set counter array
33 under control of the multiplexer transistor array 34.

This transistor array is under control of the mode
control register R8 output R8Q2 and the set/reset cir-
cuit 35 which is set and reset from the various registers
and the character clock as shown in FIG. 4. Essentially,
the output from set/reset circuit 35 and line R8Q2 ini-

tialize the jam set counter 33 for each scan line of the

CRT. Thus, for each scan line, NOR gate 36 provides
an appropriate output for transferring the data stored in
registers 12 and 13 to the jam set counter 33. Specifi-
cally, jam set counter 33 begins with the count initial-
1zed into 1t from registers 12 and 13 and counts charac-

ter clock pulses. Each time transistor array 37 is ener-

gized by terminal G1 shown in FIG. 5, the count from
jam set counter 33 is supplied to the memory address

bus MAO-MA13. The address on memory address bus
MAO-MA13 from refresh address generator shown in

the outputs from registers 1
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FIG 9 shows how the dircuit uses the character

- clock signal for generating the clocking signals of the
- counters which make up registers 18 and 19. The tog-

10

15

gling input allows these counters to count the pulses
supplied .to their count terminals P1 and P2. As men-
tioned previously, if transparent addressing has not been
selected for controller 10, logic 37 is disabled to prevent
registers 18 and 19 from supplying addresses to the

‘memory address bus MAG-MA13. If the interleaved

mode of transparent addressing is selected for controller
10, NOR gate 38 receives appropriate inputs from mode
selection register 8 for passing the microprocessor clock
signal EN to the transistor array associated with regis-
ters 18 and 19 to supply the addresses generated by the
counter to the memory address bus. Thus, in the half

- cycles of the same polarity of this clock signal, the

20

FIGS. 2-7 are then used for addressing RAM 16 to
- supply characters to the CRT for displaying and for

refreshing the display on the screen. Also, FIG. 4 shows

how the TE¢S signal is generated during the last clock

time of the last scan line of the display. |
FIGS. 9 and 10 show the update location registers 18
and 19 which together form the update address genera-

tor. The counter blocks in the registers 18 and 19 are .

connected to the internal data bus D0-D7 so that regis-
ters 18 and 19 can be loaded with a beginning address
from the microprocessor. However, once the beginning

address has been loaded into registers 18 and 19 and the

transparent addressing mode has been selected, the
counters which make up registers 18 and 19 will begin
counting character clock pulses under control of the
toggle input T at terminal D as shown in FIG. 10. The
toggle signal provided at terminal D is supplied by the
circuit shown in FIG. 11. |

The controller 10 has essentially two modes of opera-
tion for transparent addressing. In the interleaved
mode, update address generator shown in FIGS. 9 and
10 will be outputted during half cycles of a first polarity
of the $EN clock signal and the refresh address genera-

25

30

addresses from the counters are supplied to the memory
address bus. If the retrace mode of operation for trans-
parent addressing is selected for controller 10, mode
selection register 8 conditions NOR gate 39 for passing
the EN UPDATE ADDR signal to the transistor array
for supplying the output count from the counter to the
memory address bus. In this operation, this count is
supplied to the memory address bus only during hori-
zontal or vertical blanking. | |

At the same time that an address is being supplied to
the memory address, the microprocessor is transferring

~data to the write data latch 14 so that this data can be

transferred to the memory location represented by the
address on the memory address bus MA0-MA13. Thus,
RAM 16 can be updated with new information. More-
over, the circuit in FIG. 11 generates the UPDATE

STROBE signal as shown.

35

tor will be outputted during the other polarity half 45

cycles of the microprocessor clock signal ¢EN.
The second mode of transparent addressing is the

retrace transparent addressing mode. During this mode,

updating occurs during the blanking of the electron
beam. That is, the electron beam of the CRT is turned
off or blanked for non-display intervals. Blanking oc-
curs when the signal DISPEN is at a logic ‘0’ (ground).

The circuit shown in FIG. 11 provides a different
toggling output at terminal D depending on which
- transparent addressing mode is selected. Furthermore,
logic circuit 37 of FIG. 10 responds to the designated
outputs from mode register R8, microprocessor clock
signal EN, the display enable signal DISPEN and the
enable update address signal EN UPDATE ADDR for
controlling the supply of the count from registers 18
and 19 to the memory address bus MA0-MA13 through
the respective transistor arrays 201 and 202. Specifi-
cally, in logic circuit 37, NOR gate 38 is active during
the interleaved mode and NOR gate 39 is active during
the retrace mode. If neither mode is selected, then a
memory contention circuit has to be used and logic 37
does not allow the counter registers 18 and 19 to supply
‘a count to the memory address bus MAO-MA13.

50

35
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The UPDATE STROBE signal is connected to FIG.
12 which, with FIG. 13, shows how the ROM control
lines RAO-RA4 are generated. As shown in FIG. 1,
only RA0O-RA2 are used for controlling ROM 21.
However, two additional lines RA3 and RA4 are avail-
able dependent upon the type of ROM selected. In FIG.
1, RA3 1s not used and RA4 will provide the UPDATE
STROBE signal which is used by logic 13 for control-
ling RAM 16 and read latch 15. |

FIG. 14 shows the mode control register 8 in more
detail. The inputs for this register are connected to the
internal data bus D0-D7 of controller 10 and provide
the various outputs as shown: Outputs R8Q0 and SYNC
VIDEO designate whether or not the interlace mode
for CRT operation is selected. In this operation there
are basically three modes. In the non-interlace mode,
each scan line is refreshed at the vertical field rate. In
the interlace scan modes, even and odd fields alternate
to generate frames for displaying characters of informa-
tion. The horizontal and vertical timing relationship
causes the scan lines in the odd field to be displaced
from those in the even fields. There are two raster scan
display modes for the interlace mode. When the inter-
lace-sync mode is to be used, the same information is to
be displayed in both odd and even fields. Enhanced
readability results because the spaces between the adja-
cent rows are filled and a higher quality character is
displayed. The interlace sync and video mode is used to
double the character density on the screen by displaying
the even lines in even fields and the odd lines in odd
fields.

The R8Q2, R8Q3, and R1 outputs of FIG. 14 are used
for addressing and accessing the refresh RAM. Qutputs
R8Q7 and R8Q3 are used for the transparent/non-trans-
parent mode selection. Output S1 is used to determine




_ Vi
whether or not output RA4 is used as a ROM control
line or for providing an UPDATE STROBE signal.-
~ Output R8G5 determines whether the cursor should
- be skewed by one character time. This output is shown

as an input to FIG. 16 for providing the one character

time delay of the CURSOR signal. Output R8Q#4 deter-
mines whether the display enable signal should be de-
layed one character time for skewing the display. This
output is shown as an mput to FIG. 15 for providing the
one character time delay for the display enable 51gna1

DISPEN.

FIG. 17 shows the internal MA(JO-MA13 bus con-.

nected through pull-up transistors and buffers to pro-
vide the output lines MA@—MAES from controller 10 as
shown 1 FIG. 1.

The address register which provides the various load
LD signals, exit XT signals, write and read RAM signal
is shown 1n FIGS. 18 and 19 which, if laid side by side
with FIG. 18 on the left, show how the two halves of
the address register fit together. The exit XT signals are
used to read the information from the various registers
controlled by X'T inputs.

The interface between the microprocessor data bus
and the internal data bus of controller 10 is shown in
F1G. 29. The internal data-out bus D0-D7 is shown
connected to corresponding outputs of the input/output
blocks which are connected to the microprocessor data
bus DB{-D87. Internal data bus D0-D7 is the input
data bus to the registers of controller 10. In addition,
controlier 19 is capable of providing data to the micro-
processor data bus DB0-DB7. This internal outgoing
data bus of controller 10 is shown as D8 ¢UT-D7 ¢UT
and is provided with pull-up transistors and appropriate
connections to the corresponding inputs of the input-
/output blocks. These input/output blocks are under
controi of the read/write input R/W for controlling the
direction of data flow through the input/output blocks,
the chip select input CS for enabling the input/output
blocks when controller 10 is selected by the micro-
processor, and the exit status register signal XTSTR'.

The above essentially describes the portions of the
circuit relating to transparent addressing mode of oper-
ation of controller 10, although later described circuits
will have some control of the transparent mode of oper-
ation. The remainder of controller 10 will now be de-
scribed functionally by reference to the various count-
ers and registers which make up controller 190.

‘The column counter is shown in FIG. 21 and is com-
prised of a plurality of counter blocks operating off of
the character clock as shown. In addition, the output
from register 0, COMPROB, the toggle signal which is
produced at the end of the screen, TE®S, and the reset
signal RES are combined for clearing the counter after
the number of columns on the CRT screen have been
counted. When the reset signal is ‘0’ or non-active, the
column counter is allowed to count; otherwise, when
the reset signal is ‘1’ or active, the column counter is
inhibited from counting. The column counter essen-
tially divides the screen into a predetermined number of
columns within which the characters can be displayed.
‘T'he outputs from the column counter shown in FIG. 21
are CCBO-CCBT. |

These outputs from the column counter are provided
as inputs to the EXCLUSIVE NOR array shown in
F1G. 22. FIG. 22 shows the HORIZONTAL DIS-
PLAY REGISTER 1 which is an 8-bit register contain-
ing the number of displayed characters per horizontal
ime. The number mputted to register 1 by internal bus
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D0-D7 represents the number of characters which are
to be displayed on the horizontal line of the screen
relative to the total number of characters which are
possible to display on the screen. The EXCLUSIVE
NOR array then compares the number stored in register

1 with the count from the column counter shown in
FiG. 21 for providing the output signal CoMPR1
which is used to control the sample and hold register of
the refresh address generator and is also used to tell the
monttor when the electron beam should be blanked.

The outputs CCBO-CCB7 are also connected to the
inputs of the EXCLUSIVE NOR gates shown in FIG.
23. FI1G. 23 shows HORIZONTAL SYNC POSITION
REGISTER 2 comprised of a plurality of write-only-
registers having inputs from the internmal data bus
D0-D7 for accepting inputs from the microprocessor
representing the position of the HSYNC on the horizon-
tal line in terms of the character location number on the
line. The position of the HSYNC determines the left-to-
right location of the displayed text on the video screen.

In this way, the side margins are adjusted. In other

words, this register determines when the electron beam
1s swept back to the left. The outputs from the EXCLU-
SIVE NOR gates are used to form the CéMPR2 signal
which is used to provide the HSYNC output from con-
troller 10.

Finally, outputs CCBO—CCB‘? are connected to a
plurality of EXCILUSIVE NOR gates shown in FIG.
24 which gates also receive input from the sample and
hold registers forming HORIZONTAL TOTAL REG-
ISTER 0. The sample and hold circuits are connected
as shown to the internal data bus D8-D7 for receiving
an input from the microprocessor. This register is an
8-bit register which contains the total of displayed and
non-displayed characters, minus one, per horizontal
line. The frequency of HSYNC is thus determined by
this register. In other words, this register determines the
maximum number of characters which are possible to
be displayed from left to right, and receives an input
from the microprocessor for tailoring it to the particular
CRT associated with controller 10. This register pro-
vides a plurality of outputs. Output COMPROA is used
for providing the toggle and clear inputs to the counters
as shown in the drawings. Thus, the NOR gate array
compares the total of displayed and non-displayed char-
acters contained in the sample and hold registers of
register @ to the column count supplied by
CCB0-CCB7 so that the various counters can be
cleared and toggled at the end of a line scan. Likewise,
the output CGMPROB is used also for clearing and
toggling. Register 0 also provides a plurality of outputs
H1-O1 for use by register 19 for comparing the count
output from register 19 to generate a toggling signal for
register 18, and a clear signal for register 19.

In FIG. 25 there is shown the ROW COUNTER
which is clocked by the character clock and toggled by
a composite of COMPR9Y, CGMPROA and logic 51.
This counter provides the count output RCB0O-RCB6
and is used to divide or partition the screen into rows.
Thus, the combination of the COLUMN COUNTER
and the ROW COUNTER divides or partitions the
CRT screen into an X/Y matrix or grid. A single char-
acter may be displayed within each square of the grid.

The outputs RCBO-RCB6 from the ROW
COUNTER shown in FIG. 25 are used as inputs to the
EXCLUSIVE NOR gate array shown in FIG. 26. This
EXCLUSIVE NOR gate array is part of the VERTI-

CAL DISPLLAY REGISTER 6 which its also com-




pnsed of a plurahty of wnte-only-reglsters as shown

receiving mputs over lines D0-D6 of the internal data

4 379 293

| | 10
ccntmns a plurahty of sample and hold blocks wh1ch

- receive inputs from data lines D0-D3 of the. internal

 bus. Register 6 is a 7-bit rcg13ter containing the number
of displayed character rows in each frame. In this way,

the vertical size of the displayed text is determined. In
essence, this register determines the number of TOoWS
that are to be displayed relative to the total number of

rows which are possible to be d1Sp1ayed This register

forms the output C$MPR6 which is used to generate

the display enable output DISPEN and is also used to

input the 3-bit status register to be described hereinafter.
The outputs RCB0-RCB6 are also used as an input

10

for the EXCLUSIVE NOR gate array which forms

part of the VERTICAL SYNC POSITION REGIS-
- TER 7 shown in FIG. 27. The wntc—only—reglstcrs
 which are used to form register 7 receive inputs over
lines D0-D6 of the internal data bus as shown and these
registers are used to select the character row time at

15

which the VSYNC pulse is desired to occur and, thus, . -

is used to position the displayed text in the ~vertical

direction. In essence, therefore, the MiCroprocessor

20

using the internal data bus D0-D6 provides an input to -
the register which pre-programs the number of rows on |

the CRT screen. When the row counter reaches a count
-represcntmg this number of rows, the output C¢MPR‘7

is generated which is used then for generating the verti-

235

cal VSYNC signal to return the electron beam to the
“top left of the screen just as the HSYNC signal returns |

the electron beam to the left 31de of the screen. |
~ The row counter outputs RCBO-RCB6 are also i in-
putted to an EXCLUSIVE NOR gate array shown in

FIG. 28 which forms part of the VERTICAL TOTAL

REGISTER 4. This register is also comprlscd of a plu-

rality of sample and hold circuits which receive inputs

over lines D0-D6 of the internal data bus. The VERTI-

30
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CAL TOTAL REGISTER 4 is a 7-bit reglster contain-

ing the total number of character rows in a frame, minus
one. This register, along with register 5, determines the

overall frame rate, which should be close to thc line
frequency to ensure flicker-free appearance. In essence,

40

therefore, register 4 determines the maximum number

- of character rows from top to bottom that can be dis-

played on the CRT screen, and register 6 determines the
number of rows that will actually be displayed.

When the row counter output reaches the sample and

hold register 4 output, COMPR4 is generated which

435,

provides an input to the logic associated with the re-

fresh address generator described above. This register
also provides outputs T-Y which provides input to the
EXCLUSIVE NOR gate array associated with register

50

18 to prowde an input of the logic whlch clears the

counter forming a part of register 18.

"FIG. 29 shows the VERTICAL SYNC WIDTH

COUNTER which utilizes the character clock signal
for providing an output count on outputs L-P. FIG 29

also shows the logic which generates the vertical sync

signal VERT SYNC and the logic which clears and
toggles the VERTICAL SYNC WIDTH COUNTER.

93

The outputs from this counter are connected to a plural- |

ity of EXCLUSIVE NOR gates forming a part of regis-
ter 3 shown in FIG. 30. This register also contains a
plurality of sample and hold blocks which receive in-
puts from data lines D4-D7 of the internal data bus.
FIG. 31 shows the other part of register 3 together with
the HORIZONTAL SYNC WIDTH COUNTER
which counts character clock signals and prowdes

output to the EXCLUSIVE NOR gate array whlch
forms a part of register 3. This portion of register 3

data bus. Register 3 as a whole is an 8-bit register which
contains the widths of both signals HSYNC and

- VSYNC. Control of these parameters allows the con-

troller 10 to be interfaced to a variety of CRT monitors
since the HSYNC and VSYNC timing signals may be
accommodated without the use of external timing cir- -
cuits. The sample and hold registers which form the
register 3 are inputtcd from the internal data bus

DO-D7.

FIG. 32 shows the SCAN LINE COUNTER which
divides the grids established by the row and column
counters into smaller réctangles. Thus, the scan line
counter divides the grids into smaller rows. This

~counter counts the character clock and provides out-
puts ! SCB0-SCB4 and further outputs G-J. Outputs
SCBO-SCB4 are provided as inputs in FIG. 33 to the

EXCLUSIVE NOR gates shown therein which form
part of the CURSOR START REGISTER 10. Write-
only-registers also form a part of register 18 and these
blocks receive inputs from data lines D0-D6 of the
internal data bus. The top five write-only-registers form
a 5-bit register for selecting the starting scan line for the

cursor. As to be discussed hereinafter, register 11 deter-

mines the ending scan line for the cursor. The ability to
program both the start and end scan line for the cursor
enables either block cursor or underline to be accom-
modated. If the outputs COMPR10A and R are fol-
lowed through the circuit, it will be seen that these
outputs are used to generate the CURSOR output from
controller . 10. Furthermore, the lower two blocks
shown in FIG. 33 are used to determine the cursor
mode. Thus, the cursor may be blinked or not blinked,
and if it is blinked it may be blinked at 1/16 field rate or
1/32 field rate.

FIG. 34 shows the reglster 11 mentioned abovc The
outputs from this register together with the outputs
from register 10 are used by the S/R and the DET. A
circuits for generating an output at.terminal B which is
used then for prowdlng the cursor output from control-

ler 10.
In addition, cutputs G--.I of the scan line counter

shown in FIG. 32 are connected to an EXCLUSIVE
'NOR gate array shown in FIG. 13. This EXCLUSIVE

NOR gate array together with the write-only-registers
and the blocks 61 form SCAN LINE REGISTER 9.
SCAN LINE REGISTER 9 is a 5-bit register which
contains the number of scan lines per character row,
including spacing. In essence, register 9 determines the
number of scan lines per character line. Thus, the write-
only-registers are connected to data lines D0-D4 of the
internal data bus and provide an appropriate output on
the tcrmmal shown therein which are then compared by
the EXCLUSIVE NOR gate with the SCAN LINE
COUNTER to provide the C$MPRY output which is
used for controlling the refresh address generator and is

‘used as inputs to the various counters and registers for

toggling and control purposes.

The VERTICAL ADJUST COUNTER shown in
FI1G. 35 counts character clock signals for providing
the output to the EXCLUSIVE NOR gate array which
forms part of the VERTICAL TOTAL ADJUST

- REGISTER 5 also shown in FIG. 35. The wrlte-cnly-
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registers which form a part of register 5 receive inputs

. from data lines D0-D4 of the internal data bus. Register

S is a 5-bit write-only-register containing the number of
additional scan lines needed to complete an entire frame



11

scan and is intended as a fine adjustment for the video

frame time. The microprocessor, by providing appro-

‘priate inputs to register 5 over lines D8-D4, pre-pro-
- grams the vernier control to keep track of timing func-

tions. The output COMPR5 from the EXCLUSIVE

NOR gate array is connected as an input to control the
refresh address generator. The output R5=0 also is

used as a control input to the refresh address generator.
FIGS. 36 .and 37 show the CURSOR POSITION

REGISTER which comprises a 14-bit register whose -

contents is the memory address of the current cursor
- position. When the video display scan counter, i.e., the
jam set counter shown in FIGS. 2-4 which generates
the address on the memory address internal bus,
matches the contents of the CURSOR POSITION
REGISTER, and when the scan line counter, shown in
FIG. 32, falls within the bounds set by registers 10 and
11, then the cursor output from controller 10 becomes
active. Bit S of the mode control register 8 may be used
to delay the cursor output by a full character clock time

to accommodate slow access memories. As shown in
FIGS. 36 and 37, the CURSOR POSITION REGIS-
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‘whereas a one indicates that vertical blanking is occur-

ring. The output on D6 OUT indicates whether or not!
the LIGHT PEN REGISTERS 16 and 17 are full. This

- bit goes to zero whenever either register 16 or 17 is read

10

15

20

TERS 14 and 15 comprise a plurality of read/write -

register blocks, each connected to a specific data line of
the internal data bus and providing an output to a spe-
cific line of the internal data out bus. Thus, the EX-
CLUSIVE NOR gates which receive an input from the
individual read/write register blocks also receive inputs
from the jam set counter which form part of memory
address registers 18 and 19. The output from these EX-
CLUSIVE NOR gate arrays is taken at terminal F
which is used to control the cursor output from control-
ler 10. -

FIGS. 38 and 39 show the LIGHT PEN REGIS-

TERS 16 and 17 which are comprised of a plurality of 35

read-only-register blocks, each having an input con-
nected to a specific output from the memory address
generator. The mformation from the memory address
generator 1s loaded into registers 16 and 17 by use of the
LD 16, 17 input. The output from these registers is
supplied over the internal data out bus. These registers
together comprise a 14-bit register whose contents is the
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light pen strobe position in terms of the video display

address at which the strobe occurred. When the L-pen
input changes from low to high, then, on the next nega-
tive going edge of the character clock, the contents of
the internal scan encounter are stored in registers 16 and
17. In other words, these registers capture a 14-bit word
from the jam set counter, as determined by the light
pen. These registers store an address depending on
where the light pen is positioned on the CRT screen.
The status register is shown in FIG. 40 (sheet 7) and
comprises a 3-bit register which is used to monitor the
status of the CRT. Specifically, the output D5 OUT
indicates whether vertical blanking is occurring or not.
A zero on this line indicates that the scan is not cur-
rently in the vertical blanking portion of ‘its timing
0312 .
0312 |
0312
0312 A% 1F
0314 81 00 40
0317 A2 QOF

- 0319 A0 00 L.OOF]
031l Al 00 40 LOC

031E 10 FR
0320 A9 20
0322 8D 03 40
0325 C8

0326 DO F3

45

50
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by the microprocessing unit connected to controller 10
and goes to one whenever a LPEN strobe occurs. Fi-
nally, the output on D7 OUT indicates whether an
update operation is ready. This bit goes low when a
read or write RAM operation is selected. Once the
RAM address has been outputted for three character

clock times, this bit returns high. | -

" FIG. 41 (sheet 11) shows how the LD 16, 17 signal is

generated by the use of the LPEN input to terminal G2.
This figure also shows how the internal reset signal is
generated from the reset input to controller 10.

FIG. 16 shows the cursor blink counter which con-
trols the blink rate for flashing graphics. This counter is
comprised of a plurality of counter blocks which are
stepped by the character clock and are used to form the
cursor output. This counter receives an input from reg-
ister 10 at terminal C to determine whether or not blink-
ing should occur. _ - |

'FIG. 42 shows how the character clock signals are
generated from the character clock input to controller
10. FIG. 43 shows how the register select RS and the

chip select CS signals are generated from the RS and

'CS mputs_to controller 10. FIG. 44 shows how the
®EN and ¢EN clock signals are generated from SEN

input to controller 10 and FIG. 45 shows how the R/W
and R/W signals are generated from read/write R/W
input to controller 10. FIG. 46 shows the DET A block
of FIG. 34. FIG. 47 shows how the EXCLUSIVE
NOR gate used throughout the circuits shown herein
may be configured. |

FIGS. 48-58 show how the various blocks which
make up the registers and counters shown in FIGS.
2-41 may be configured. Thus, the jam set counter
shown in FIG. 57 may be used for the jam set counter
blocks shown in FIGS. 2-4. The sample and hold cir-
cuit shown in FIG. 56 may be used for the sample and
hold circuits shown in FIGS. 2-4. The status registers 1
and 2 are shown in more detail in FIGS. 54 and 49.
. FIG. 48 shows the row/column counter R/C CNTR,
FIG. 49 shows the status register STR2, FIG. 50 shows
the write-only-register WéR1, FIG. 51 shows the DC
circuit, FIG. 52 shows the read/write register RWR,
FIG. 53 shows the read only register R¢R, FIG. 54
shows the status register STR1, FIG. 55 shows the
set/reset flip-flop SR, FIG. 56 shows the sample/hold
circuit S/H, FIG. 57 shows the jam set counter JSC,
FIG. 58 shows the input/output circuit I/, FIG. 59
shows the UARC counter, FIG. 608 shows the counter
CNTR, FIG. 61 shows the buffer BUFF, and FIG. 62
shows the D circuit. -

Finally, attached hereto is a program listing for a
program which can be used to update the RAM mem-
ory with new information. |

S LIA ASCII ELANKS INTO ALL MEMORY~—--

L& #31 |
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LIIX ®50F -

L ILYY #0
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RFELLOC S L
LDA 2820 3ASCIT RLANK
STA LATCH +WRITE [ATA
"INY

BNE LOC
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L.TV&
5TA
LI
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L D4
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Load Dlsplay Memory
(transparent addre551ng - blanking updates)
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DATA
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0232 8% 41 S5TA ATIDR+1 sUe - 1.0
0334 A% 12 .1 LA %18 o
02246 BII 00 40 STA ANATAS s R13
0339 A5 40 LA ADDR - .
Q23R 8l 01 40 5TA AlGT4AT+] sUA~-HT
0Z3E A9 13 LA £19 - _
0740 801 00 .40 STA AGEAS :R19
0343 A 41 LA ADDR+1 -
0Z4% QI 01 40 STA ATAS4S+] A - 10
07348 A9 1F DA 231 .
0Z44 @I 00 40 STA ATIAEAS 31 SFLECT
0340 AP OF LTiA #$0F ;N0 OF CHARS FER LINE
0%4F 85 43 STA INTFX
0351 AT 42 .2 LD DATA $GET CHARACTER
0353 80 03 40 STA RAM sSTORE IT IN RAM
0356 Eé& 42 CINC BATA sNEXT CHARACTER
0358 64 43 : DEC INDEX
0354 10 FS BFLL L2
035C 18 CL.C :GET ANDRESS
0350 A5 41 LA ADDR+1 :0F FIRST LOCATION
IEF 69 28 CATIC £30 0F NEXT LINE

0361 85 41 ST ANDR+ L -
0263 90 02 RCC L3
0365 FE& 40 ING AR
0347 A | L3 [1E X

- 0368 10 CA ' BFL L1

Item 2 Load Dlsplay Memory |

(transparent addressing. - @1/@2 1nter1eave)

The embodiments of the invention in which an exclu-
sive property or right is claimed are defined as follows:

1. A controller for cathode ray tubes comprising:

processor terminal means for connecting said control-
ler to a processor;

CRT terminal means for connecting sald controller to
a cathode ray tube;

refresh address generator means for generating re-
fresh addresses to be connected to a refresh mem-
ory so that a display on the CRT can be refreshed;

update address generator means for generating up-

_ date addresses to the refresh memory so that infor-
mation within the refresh memory can be updated;

refresh memory terminal means for connecting the

update address generator means and the refresh . .

address generator means to the refresh memory;
and, : |

control means for exclusively connectlng said update

address generator means and said refresh address
generator means to said refresh memory terminal
means so that only one of said generator means has
control of said refresh memory at a time.

2. The controller of claim 1 wherein said update ad-
dress generator means comprises an update register
connected to a character clock terminal means for re-
ceiving a character clock signal from said CRT.

3. The controller of claim 2 wherein said update reg-
ister comprises an update counter having an update
output for supplying said update addresses and a clock
input for connection to said character clock terminal
means.
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4. The cdntroller of claim 3 wherein said control

means comprises a transistor array connected between
said update output and said refresh memory terminal
means.

5. The controller of claim 4 wherein said control
means comprises mode control register means for se-
lecting the modes of operation for said controller.

6. The controller of claim 5 wherein said mode con-
trol register means comprises logic means connected to

635

said transistor array and to phase clock termmal means
for recetving a phase clock signal from a processor so
that update of said refresh memory can occur during a

first half cycle of said phase clock 51gnal and refreshmg
~can occur during a second half cycle.

7. The controller of claim 6 wherein said mode con-

trol register means further comprises retrace means
connected to said transistor array for updating said
refresh- memory only during blanking of said CRT.

8. The controller of claim 1 wherein said control
means comprises a transistor array connected between
sald update address generator means and said refresh
memory terminal means.

9. The controller of claim 8 Wherem sa:ld control
means comprises mode control register means for se-
lecting the. modes of operation for said controller.

10. The controller of claim 9 wherein said mode con-
trol register means comprises logic means connected to
said transistor array and to phase clock terminal means
for receiving a phase clock signal from a processor so
that updating of said refresh memory can occur during
a first half cycle of said phase clock signal and refresh-
ing can occur during a second half cycle.

11. The controller of claim 10 wherein said mode
control register means further comprises retrace means
connected to said transistor array for updating said
refresh memory only during blanking of said CRT.

12. The controller of claim 1 wherein said control
means comprises mode control register means for se-
lecting the modes of operation for said controller.

13. The controller of claim 12 wherein said mode
control register means comprises logic means con-
nected to said update and refresh address generator
means and to phase clock terminal means for receiving
a phase clock signal from a processor so that updating
of said refresh memory can occur during a first half
cycle of said phase clock signal and refreshing can
occur during a second haif cycle.

14. The controller of claim 13 wherein said logic

means further comprises retrace means for updating

said refresh memory only during blanking of said CRT.
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- 15. The controller of olalm 1 wherem sald refresh'

address generator means comprises’a refrésh Tegister
_connected to a character clock terminal means’ for re-. ,'

~ ceiving a character clock signal from said CRT. .
- 16. The controller of claim 15 wherein said refresh

register comprises a refresh counter having a refresh
- output for supplying said refresh addresses and a clock

input for connection to said character clock terminal

means. |

17. The controller of claim 16 where sald update
address generator means comprises an update register
.connected to a character clock terminal means for re-
ceiving a character clock signal from said CRT.

~ 18. The controller of claim 17 wherein said update
register comprises an update counter having an update

5_

10.

15

~ output for supplying said update addresses and a clock
input for connection to said character elock terminal

~-means.

19. The controller of claim 18 wherem said control

 means comprises first and second transistor arrays con-

puts and said refresh memory terminal means.
20. The controller of claim 19 wherein said control

~means comprises mode control register means for se- .
25..

- control means connected to said address generator

lecting the modes of operation for said controller.
21. The controller of claim 20 wherein said mode
control register means comprises logic means con-
nected to said first and second transistor arrays and to
‘phase clock terminal means for receiving a phase clock
 signal from a processor so that update of said refresh
memory can occur during a first half cycle of said phase

clock signal and refreshing can occur during a second |

‘half cycle.

 22. The controller of claim 21 wherein said mode
control register means further comprises retrace means
connected to said first and second transistor arrays for
updating said refresh memory only during blanking of

said CRT.
23. The controller of claim 16 whereln said control

20
nected between corresponding refresh and update out-

30
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29 The controller of claim 28 wherein said logle -
‘fneans’ further corprises retrace means for updatmg, |
sa.ld refresh memory only dunng blanking of said CRT.

30 A controller for eathode ray tubes (CR'I) com-
prising: - - |
input ternnnal means for connecting said controller to

a processor;

cathode ray tube terminal means for connecting said
controller to a cathode ray tube;
refresh memory terminal means for connecting said
controller to a refresh memory; |
address generator means connected to said input ter-
minal means, to-said cathode ray tube terminal
~ means and to said refresh memory terminal means
for generating update addresses to said refresh
memory terminal means so that a refresh memory-
- connected to said refresh memory terminal means
can be updated with new information and for gen-
erating refresh addresses to said refresh memory
terminal means so that a refresh memory connected
" to said refresh address terminal means can be ad-
- dressed to refresh a display on a cathode ray tube
connected to said cathode ray tube terminal means;
~and, | | |

means for controlling said address generator means
so that only one of said update address and said
refresh address can be connected to said refresh
memory terminal means at a time.

31. The controller of claim 30 wherein address gener-

~ator means comprises refresh address generator means

for generating refresh addresses so that said CRT can be
refreshed and update address generator means for gen-

- -erating update addresses to said refresh memory termi-

means comprises a transistor array connected between 40

- said update address generator means and said refresh
memory terminal means. -

24. The controller of claim 23 wherein said control
means comprises mode control register means for se-
lecting the modes of operation for said controller.

- 25. The controller of claim 24 wherein said mode
control register means comprises logic means con-

45

nected to said transistor array and to phase clock termi-

nal means for receiving a phase clock signal from a

processor so that updating of said refresh memory can 50

occur during a first half cycle of said phase clock signal
‘and refreshing can occur during a second half cycle.

26.. The controller of claim 25 wherein said mode
-control register means further comprises retrace means

connected to said transistor array for updating said >°..
| J P & control register means further comprises retrace means

connected to said update and refresh address generator

‘refresh memory only during blanking of said CRT.

27. The controller of claim 16 wherein said control
means comprises mode control register means for se-

60

lecting the modes of operation for said controller.
28. The controller of claim 17 wherein said mode
control register means comprises logic means con-

nal means so that information in a refresh memory can
be updated and wherein said control means comprises a
switching means connected between said update and
refresh address generator means and said refresh mem-
'ory terminal means so that only one of said generator
means 1s connected to said refresh memory terminal
means at a time.

32. The controller of claim 31 wherein said control
means comprises mode control register means for se-
lecting the modes of operation for said controller.

33. The controller of claim 32 wherein said mode
control register means comprises logic means con-
nected to said update and refresh address generator
means and to phase clock terminal means for receiving

a phase clock signal from a processor so that update of
said refresh memory can occur during a first half cycle

of said phase clock signal and refreshing can occur
during a second half cycle.

34. The controller of claim 33 wherem sald mode

means for updating said refresh memory only during
blanking of said CRT.

- 35. The controller of claim 30 wherem said control

" means comprises mode control register means for se-

nected to said update and refresh address generator

means and to phase clock terminal means for receiving

a phase clock signal from a processor so that updating 65

~ of said refresh memory can occur during a first half
cycle of said phase clock signal and refreshing can
occur during a second half cycle.

lecting the modes of operation for said controller.

- 36. The controller of claim 35 wherein said mode
control register means comprises logic means con-

‘nected to said update and refresh address generator

“‘means and to phase clock terminal means for receiving

a phase clock signal from a processor so that update of
said refresh memory can occur during a first half cycle
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- 19 - _ 20 .
- of said phase clock signal and refreshing can occur ~ connected to said update and refresh address geheratOr
‘during a second half cycle. _ - means for updating said refresh memory only during
37. The controller of claim 36 wherein said mode : . blanking of said CRT. = = .
control register means further comprises retrace means 5 , | I
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